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(54) LIQUID CRYSTAL DISPLAY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a liquid crystal 
display device having an effective numerical aperture 
close to that of a liquid crystal display device in which 
liquid crystal molecules are in a single-crystalline array 
state, little visual angle dependence and excellent 
display quality in the liquid crystal display device having 
a liquid crystal array state in which liquid crystal 
molecules are arrayed in random directions in an . . . . . 
azimuthal direction parallel to a substrate or in 
directions continuously changing in a plane parallel to 
the substrate. 

SOLUTION: In the liquid crystal display device wherein a 
liquid crystal layer is interposed between a pair of 
substrates opposed to each other, the liquid crystal 
layer has a state in which: the liquid crystal molecules in 
the liquid crystal layer is arrayed in random directions in 
the azimuthal direction parallel to the substrate or in 
directions continuously changing in the surface parallel 
to the substrate; and circular polarizing plates are 
disposed on respective outsides of the pair of substrates or a circular polarizing plate is 
disposed on the outside of one of the pair, of substrates; and a light reflecting plate is disposed 
adjacently to the other substrate side. 
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K)«-g-*s-ttt4iei*]i^/j:-5.^ttt. CP-B/CP-B 
SafiT*/— y7 -y^lS:T^T% CP-B/CP-DE 

ji5aST'^<D(B3t:^(6]^5 9 0° lH]eL'T</^5fcii)i:#^ 

(3) SKEI^ 

01 2»4. (4) (OS L I Tiai^SH^- Vh. 

(5) o^^-yAieisisH^— K©)S^-fe/i'{;i*j 
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fy^ptcOtbd/pliOT'^jSc Wim (a) (±, 

m%^^m.^^^-r^mm.\.tcm^-r?. phhw (b) 
s L r TsefS] s H^- K-fe/i-T'^^B^co^ifeMt-i 2) n 

iMittSSrC P.-B/C P-Die«i L/ci«-g-T\ Ir)I11 
fci?. IrIIH (d) fi. ;$:^?^co|IJfe^J(3j;5 7 v^i^ia 

[0 0 4 8] Hi 3»i. mmm (6) «5tBei*n-iasH 

y7°d y-'l'f yg^p i:©l:bd/'p«OT'*) 

8 9. 9° hx^fzM^-a.. mm<r> (b) li. ^leisisH 

^- K-fe/UT-;*:^PJ(D|liSC»]fc ct 5 Rti^^SrC P - B 
/CP-Dgaat L5^/wK:^;?i^8 9. 9° i: Lfctg-g- 
T\ PJia (c) (i. t^jfewSitf^iiSTtiarSiSH^- K 

8 9. 5° tUfc^-g-C, PHa (d) tt. *^BJ<D|liS 
5*82(6] S H^- Kir/i'r';$:^B^(0|li£Fil(c J; 2, 
nii*S$rCP-B/CP-DS2«i L5^/wh^;65 8 

9. 5° tLtim-^x-nmmm.^m^'tiv^'itiTik-r, 

[0 0 4 91 Ell 4(*. (4) <^S L I TBB(6]S 

H^-Kt. im^J (5) '(7?7>-i?'Aia(6]SH^- KO 

^MX'h^. SEiS(6)/Biai6]^?r{^ffl llll2iS/i 
pliO. 2 5 i: Ufcr tT'foSo 1^)111 (a) fi. tSjRO 

*tg$ra55M#.-cga«U)t^-^T\ i^mw it) a. s 
L I Tga(6isH^- h'±fi^-v:^^m(DmMmici:^pim 
*ts^i-c p-B/c p-Dgagt Lfcs-a-t?. 

(c) ii. tif*coaWfc:<tS7>^^Age(6iSH*- Kco 

ISlEl (d) tt, ^^IflWSIJSgiJJciS^v^^AE 
[6]SH*- KcO)SfB-fe/HcR<l7tS^C P-B/CP-. 

I 0 0 5 0 1 HI 1 5 (i. Ilgiesj ( 6 ) <D%Si)pi-m S H 

-sr^^=?*TfcSo siSia(6]fflgS(6)^?r^fflL. mi 

roitd/pttO. 2 Sir Ufcr i-CfcSo P)0 (a) 
fi> 't*5)5(DKW{c±53tg2f&)SH^- K-fe/ucoffimtwiS 
i®(i*tg5ri£5SK#.r'iaBL^>'U h:ft/!»58 9. 9° t L 
^c^-g-T\ l^mw (b) it. ^tgd(6]SH*- K-fe-'i'-C'* 
^Wco|llS0iJ(;i J: 5 R<S*4g^ C P - B/C P - Dgag 



t L^/i' h:ft;458 9. 9° i Lfc^-g-T', I^EI (c) 

tie5l5cDa^SiciS7tga(6)SH^- K-fe/i'CDmimtciS 
^il*SSrE3SSi^T-gaaLf->'Wh:lld58 9. 5° i L 

fc^-g-e, isiia (d) :^mM<omMm\zx^!ftmi^ 

SH^- K-lr^i-T'*^0J<o3life0*]l:iJ:.5H®7t«^C P 
-B/CP-Dge«i Lf"/H-:ft;a58 9. 5° t Ltzm 

10 0 5 1] 111 1 6»i. Hi^fiSJ (4) (OS L I TgE(6)S 

H^-Ki:. -mmm (5) (D7>'yi^gS(6lSH^- K 
10 (6) co*g2(6]-#SH*- K(0#?S^-feyw 

■5, SKgei6]fflg2(6]MS:^« El 1 2 ~ 1 5 irM'tC?) 

Jtd/pttO. 7i:Lfcrt-efc5c I^El (a).J4, tif 
JfcWSfeWf-iSS L I Tgaifi]SH*- K-fe/K^Hii^lCiE 
i»ffi5ttgSrE^^B3«^-egaHLfc4g-e-C. I^El© (b) 
tt. S L I Tgai6]SH^— Ki?>'i'T-3^^BJ<Dmfe«?ij(c J; 
5P3<l*tg?:CP-B/CP-DgaMi: Lfc^-e-T\ ID 
la (c) tt. ?¥5ll(Oa^ff(Cj:5 7>'^Aga(6]SH^- K 
. 20 (0?KfB-lr/WHti^trEi^M)t«<^B^fc1#^T:-ga« Lfc»-g- 

T'fo«5> iriiii (d) f4> ^^m(ommmi:ix^7>-yj>. 

ga(6]SH*— K(DjKS-fe/H;iHli7fetSSrC P-B/C P 

-Dgaet Lfc»-&r% isna (e) 'i}^^<o^m\^x 

57tga(fi] S H^- K-lr/K73Hfim{cE^iS?t«^E55&m 

(f) .»±. ^^mnmMmi^xi^^\^sH^-v±yu 
'x^^m(DmMm\^ i 5 nfi3t*gsr cp-b/cp-d 

gaat U^/u h:ft*S8 9. 5° t Ufc^-g-tOIS^^^^ 
30 [0 0 5 21 1211 2~I2I1 6(C^UfcfiEger6]^— K© 

^t>^ici:t^x. ^3^m(onm^m^^mvtzm-^x 

-t^X<7)^^\zt6h^Xy'y -y ^ 1? a ;^:d^m^L. y' 
7 ^ ^ o y^<D^,^(D^7!l\'^Xmzfj:'^Xl^^Z. t f)^^ 

(1) — $agai6]-fe/i' 

±iEUfc|ISI«fiJ (1) -ECB*- K-t>'V'i:, KSI 

••0 ^1) (3) Wa -HAN^- K-t-'l'COfPAnmjE M 
Tt^ii^ (ifW <D«^*^i^tt©i/7 7=Srllll Tim 

rofc«)tct¥5l5«OEi^iB**SSriffi^-&*5-frfc-lr>'i'CDi^tiSr 
fi-IELTfeSc lli^^5tif5|5(O^Jgfa6<]ga(6]-fe/HcE^(i 
*tS^ai^-8-t>-frfc©-&T% a - E C B^- 

K-fe/i'-et¥5l?<OEI^«3t«SriS;^A-&i:Jii:fc^-a-e. ^iHI 
;is*^e«o3l:te«fiJtc: is a - E c B^- K-feyHcRlljfe 

« c p - B / c p - D ia« T-m^-^*?-* fc^-e-©!i#t4 

so [0 0 5 31 lR|i|#14lll3!i»P>. T*/l'7 7;^gai6]-feyKc*3 
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(2) >>-Y:^>i2lfil-fe/w 

mi 9»r±|ELfc|IS^fi»J (2) Oa -TN^- K-fe/KD 

-TN^- K-fe/WtiRd^ttSSrCP-B/CP-D 

[0 0 5 4] 01 9©#ttA^<b, ^;''r.;^ MSisj-fe/v-^o^ 

(3) "stti2|fi]-t/i' 

. ,. . 8i^ij. (5). (^j^ v-.^^AiaifiisHft- K-feyvt^ m^m 

^t^4#tt(D^7 7Srlll2 O i:lil2 l bm2 2 
to 0 5 5] 1112 Ocoit#t4Elicjol/^Tt,, J:t,es©/-c*i)(c: 

fcSc ii«*st*5i5ro-fevi' (d/p = o) Km.mm%wi^ 

*I^-a-t3-&/c#-&T% — ,*i:»;®A5sL I Tiei^ir/i- (d 
/p = 0) -en(l?t«$rlfl^-g-fc>iirfc»'&-C\ fiSE;S®/;>5 
SL I Tiarfij-fe/V (d/p = 0. 2 5)tcE^^^S^ 
flS«S@7Jss L I TK[6Hr>'i' (d/p 
= 0. 2 5) (cR<l7t«^ffi^-&i^-&fc^-g-. 5Si^{D^5 
S L I TiaiSl-t/i- (d/p = 0. 7) f;iEi|$<i?ttS^ffi 
W.m.®*^S\. I TgeiSl-fe-'U (d/p = 
0. 7) Jcn{i5ttgSrm^-&*3*fc^(0#i4T'*)?)o 
[0 0 5 6) HI 2 1 cD!i$-t4ll](i. ■mWfb^^'^t^cO^ Ji' ( d 
/p = 0) lc:E^(B7tSSrffli^^-&i:>-&^c^-^-e. 
i^;JS7>yAia(6)SH-1r/l' (d/p = G) T-n^^^i^ 

(d/p = 0. 2 5) IcEiUfi^te^rM^-g-tJ-tt/c:^ 

-a-, fiSc^(Dii5 7>yi=.iar6)SH-fe/i' (d/p = o. 2 

5) fwnS5t«iSrlai5^-&*5-&fc^-&. Jft«S®dS7i^^^^ 
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ffil^SH-fe^i' (d/p = 0. 7) 

fy'^tz.m^. «Si^®7)57>^^i>.gar6]SH-fe/u (d/p = 
0. 7) tcHffi^tgSrffi^-^Jp-yrfc^-^co^tiT'fo^, 
[0 0 5 71 1112 2«#14lll(±. 3li^dSt¥3l5<0-lr/U (d 
/p = 0) (cEi^iS^feS:m^'&fc'-&fcm-&T\ 

jtSd^-fiiei^sH-fe/i- (d/'p = o) -en<i?tts^#i^ 

-g-to-frfc^-^-e. ?K^®;65-|ttge|S] s H-ir/W (d/'p = 

0. 2 5) Km.mmitWL-^f^yi-^i^'ttL^^. mm®^^ 
-ttKi^sH-fe/i' (d/p = o. 2 5) izpimytmiB 

t)8 9. 5° T-feSo 

[0 0 5 81 1112 0-0 2 2roi^t4lc:iol^r. P3(i3ttg 

^cp-B/cp-B iaB-e*i^^-g-*5-fr fc d / p = 0 

d/p = 0. 2 5co*#t;:*Jl,^T, -r-<T<Diai6)^ 

^^Aia|6]SH-fe/l't— «bSB(ii]SH-fe/l' (8 9. 5" ) T* 
ttTm a X cD{it;45jgi/\ J; 5 {cR^5t<S<^{£ffll- J: 

t)t.fcb LA^L. d/p = 0. 7(73^i^-e 

20 fi, Tma xfiE^<15t«<0{£fflco^-a-J;f9 'b^fiT-t 

6<]r?^P*;65±#-r-5r. i;ii55>;4^ofco mu. d/pffid^ 

;r V 3 J; o T t mmf£^lSm^^hinX I ^ 

.10.0 5.9] U±(0'^^A^h.- R<S7ttg$:?SfB«[^T'ia 
30 D^^(D;'.c^/-•7'^/'^7r^ia[6] (A SMiSr-^tr) "^y'y y 

0. 2 SUAT-Ct^^ffl-i^M* LV\ 
[0 0 6 01 iSfcJ-. $fe^;l*|gW(Og|J<o|llS^^!|to^^T 

40 1112 3^#B?.LTIftP^-f So ^tl^XizmmLX^tzM 

mmxit. m^B±j^^(omm^m.mmiftmt 1/4 

[006 1 ] => U-^y" y :y 7 ^ /UA 9 OWf^jSK 

so LTfi, Philips Research L 



1# 1^2002-40428 (P2002-40428A) 



17 

aboratoriesOD. J. Broer^JCct-S 
%mX '^M olecular Architecutur 
es in Thin Films by In — Si 
tu Photopolymerization of 

Reactive Liquid Crystal 
sj.SID 95 Digest-165 {:if£® 

[p)l^<Philips Research Lab 
o r a t o r i e s <7>D. J. B r o e r {til*(C J: 2>fra 
iCl^ Reflective Cholesteric 
Polariser Improving the L 

ight Yield of Back — and Si 
de — Lighted Flat Liquid Cr 
ystal DisplaysJ.ASIA Disp 

lay *9 5tcM7j^$HTV>-5t>or>^flJffli--5r i:;65-C 

[0 0 6 2] :^^'mtmm'^wsi. m^B^^^^^wm^'X 

5^. tt*fl4->i£f^LCD. ASM- LCD, :^^) y Vk^^ 
itfcm^Stict^^i^-m^-eiESj^ix^LCD. TFT 

- L c D^(5<^ ^'^''i~-<T<7)?F$^^;o*ffiB^0^.i^3^S755^(;^ 

*r*i?t^^o fz.)i7^\^^ a-ECB^-K\ a-TN^ 

- F\ a-HAN^— K. ;^ y y hSdf^SH^- F\ a 
-SH^- KSt;-$*SH^- K(7)Ji$f0ir/W;55ii^$ix 

[ 0 0 Q bfe;$:^?^:(O^JS^J(-*3V> 
(/-Ky h) ^PES (tK y r 

[0 0 6 4) 7w^yWA^2^S:l£?)-e-i:)-&fct><Ofi, r2 

m.m^^y^fi'J^ic 1 / 4j^S7-f /uA ] tScSriS^MJt 
7-</wA©jSig$A;^|6ji: l/4i^*7^>'WAOjgtaW::^ 

[S]i^M5° i/^SJ; ^fcisaLTlfitJ-a^p-frfc r i tic 

lit) J ^'^^(opimytmhh?). :Lixiimmn^Mm± 

(00 6 5] f2^m'0}-$'-C:^<OPitS%mm(Dl/'4 
fc*£*4rlil2 4lw7iT-f. 13 2 4 to 7 fim$ft*5j^*T 



(10) 

PCS!i2tm'5 /WAi. PCM 1 ^iflfit) ^^-/bA 

PESMltfelA?) 2a!P (l/4j&S;iSCX— 1 3 
7. 5 nmi CX— 1 5 0 nmi:S/i5) t SrfflS 

3fe5Ptt^ii^T-^fflv^fcSiJ^v';^xAT% i^fte 3 2. 

8nmt 5 4 3. 5 n m i T'jgiJ^ LfCo LTSD^iifiSr 

- o ^ T^Vwit ^ ffl V X T ^SiJ ■:r 

10 [00 6 6] 1112 4tc:*DV^T. *l.^ll^©iEi^^5Sffl6<] 
©Ht^Eg^PI s/ M.fc*-y*s P C 2tS:flfi t) ^-f r 

0 1 /4Sfi7-y>'UA(7)i!#t4T% ^(Dm(oim&'o<^^ 

wllSlii***^??. aj®«);il/4j^*SiS:#5fc*»i 
tt. a!tft^>«ttcO/h$t^PES7^/WA-et>2tSclfi9« - 

[0 0 6 7] siJ(D|liitv:fci/>-r, y— vy7*7 

7t« i: ''i ?) i 5 tciB^Mptffi i: P C 1 l^cSfi 19 -f :/co 1 
/4»ft7^/VASrm;^^-&t?-&fct,Oi:. tlHltJRd^t 
«t5^i5J; ^t^Kiftffi^ttRi: PC i mk'O ^ ^ i X 

l*]^5¥tT-f ^J: 9^<eefiMT\ O. 3 mmji:(73;#~7 

/w) i:. :&0t)RM5t«t'fc'5J:5»cB:«g<l)t«t PC 

1 tJclfi f? ^ 7°CD 1 / 4 iftft 7 ^ /i'M.^m^'tt>'\i:ti "b 

30 ^jc|fi'p^-1'7°col/'4^S^fi7-Y/^ASrffi^-a•^^■ti:fct>(0 
i:^£l^fwjS*af**l*]*5ii:55-t-5 J: ^'iifiM-C. 0. 3 

^ h/i-§rft»®lf^B'iKUV-3 1 0 0^>7t^=^^fflUT 
Syje Lfcc ifiiJ)^ jK«f*W?a^^ (380~780nin) 
T'foSo 1112 5»4. ^(OmWi^^(0^yy^7jkir„ 
[0 0 6 8J 1112 5 rofflS^Sd^^. |I^W;*-y±{c: 

ft^«W^T-»± l/4igftX)^b-fttXV^-5fci?)fC. 

{0 0 6 9J ^ t)tCSlJcOSISItCj6l^T, ilB^n^ieS 

Sr P C 1 tScfl£ •) i: X P C 2 tJcflfi ») i: . PESltS:l£92 

a^S {] /4»ft;65^/i5) <0#^i'7°t. iblS^Wfc*!)' 
<0 2 tft:«E^(S^tS^iS^I*/iS n ;^Kfi t Lfc fccD i 
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(Y%) Sr^l tCTj^-To 
[0 0 7 01 







CX-137.6mn 


0.03 


CX-lSQnm 


0.03 




0.06 


PC2|Jcfl£<?'g-J:Ht 


0.12 




0.01 



< ■ 



i^-citM.hmm^ 1 / 4 mMmc&A^'^ p c 2 

ixTi/^So mt, PES it6:flfit)i5'-r>^<Dt<0tt«Tli 

[0 0 7 21 &.±(Dm^'^^^^h. y ^T^-V 3 >'iBte 

10 0 7 3) ±t2W|l^^-^*«l)i%;tf3ix 

Wl^eaa (iltStt^tf) cOLCDt,fflELTlfffi 
Hi^^rtfofc, ?«^-fe>'Vfi4 4^#JSilifi|fi] K-;/ h y 

5/ i> ;^ i bfc, ^w*g*(DSI^^^K=^I21 2 7 (c.T^i-., 

[0074] m2 7(r> (a) (i. BiSiSTfetS^ctt (012^ 

i45{g;t>~ t;4S*i|S<. ISim (b) iE[H]!3 t:6 Hilton 
(i^«cO^>'7 ^.'l'ia«<^>LCD-efe«J, (a) W^-^W 

(c) fi. £0 9 i:6lfi]?)<75R(B3ttE©^ n^gaaw^ 
(a) -T?l,e3i^fcBt^/^|i«^q^l^^^^;l^.* 

T'yi'TJi. m^'&^^ir- (c) ©^-^ (a) (wJ:b'<T*<] 
4 0%iS]±Lfc, /i*5. isg^t l>3>' httS 0 0 



(11) 

[0 0 7 5] )iX±.0)'iiUWzf>^h. ^'^'0 t&'^'0(O\mi> 
•9 ^J' I" 7' ;i / 4 « ffl V ^ n 5r ir {- iSS 
Ufcy— 7yy7 5/:5'SiaS-Ctt> nffi^tg©l/4jgc 

fiEtbT I ^ -5 :i t *575^o fc. 
[0 0 7 6] Jo. IISITtt, E C B^— K<D*M-7 h 
y •;/:{' ^«ig(?5-fe/^SrfflV^fc;d^ ECB^-KT'^)^^ 

, .^M-^ h y ■;/ ^ (o^^i fe-f . r 7" ^ h y. :y 

t)*.-?>A/. ECBEil^1-<?5^-K{c5fc5gffl-et 
2«cl£'9i?'f':/J;!9'{>it!tlfi«9i5''f >^©:^r;i5®^^T 
[0 0 7 71 LTfi^^j:ll«=X-*>5^ 

tt-i4ffiM«T-fos N o c 7 A ^m^m t fi^tg t <o 

4ftft7i';Wi^;<i5iE(^— tt7^•^^i^T'fc^fcft{.l, NO 
(0 0 7 81 SiSiaiSj-fe/v- 1 Rii^tSti N O C 7 ^ /I' A 

tc^-r^.. 1 1 0 (4. m^gMxh D...m^^ u^^ci.^— 
30 m^mxm^B i 1 1 ^^tjm^m 1 1 o;a5^i$$tbTu^ 

5, fi^S^ 1 1 0"©i^^1-{RH;i(i, jiaM3ttg l 2 l t l 

/4)S*«1 2 2 tT-1»^fe$tu2)R{i?lctel 2 0 m 
mU^^l 3 1 i l/4j^**Sl 3 2 i:T'«;5!<,$tl.Tt^ 

■at, 5-:^<oRii^tgi 3 0 i;i5|ea$ixxi>So il^ 
• M)t«i 2 i<oiSiStto:^i6] (^PP) t i/4ifi»^si 

2 2 coiaffitt©:;^!^] (^Pn) i 755 4 5° J; eitcia 

a$i^T^^-5. $ bic. K^iB^tg 1 2 1 i i /4iS*" 
;Kl 2 2 icorBltcNOC^^.'l'A 1 2 3*5^ ffi^fflpttS 
1 3 1 i: 1 / 4 SEft^ 1 3 2 t WWtCl N O C 7 ^ A 1 
40 3 3;<i5-^n^-'i-LgaB$ixTi/^5io 

(0 0 7 9) tifJteWRH^SSr^ffl L/j:i^it«®7t«<i: 
SiEiaf6]-fe /u t fc N O C 7 v-wi^. Srlfl^-^tPiir^^-a-t? 

02 8ro^ifig*^e> 1 /4jg«t6l 2 2 1/4 igE 
ft«13 2i:, NOC7-fyi'Al 3 3 

[0 0 8 01 13 2 8cDR<l:Jttgi:NOC7-<>'l'Ai:K>M 

L c D . ^^a:>m.^^ilS,%^tNOcy^Jl' 

T-^mmty^^T-^ yi^mm^n':>xmf^^^(om-&^ 

so ^fofcife*SrEl2 9 i:E13 OJc^-f-, 02 9fi. 16. 
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49biasTM/24 0 v"' r^—^r ^ mW}^i^X\ 

(a) ^m^(Om.BU^^-^NOCy^Ji^M^<DLCD, 

(b) ;i^^R{i7ttS+NOC:7^/UA<^LCD<^ia^4#'f4 
■Cfo^o 113 Ofi. Tma X SrOWmffit OV^O 
FFm.J±tLfc:^^y'^ ^y^mW)r\ (a) p^^tS^SOI 
iSfl3ttS+NOC:7^>'^AcOLCD. (b) t^F^m^t^ 

<Dh^^) ^t. emrnXj^G 1 2 2 0 DUNT\ NOC 

S^l::^S!c0VAC-C4 3 0T\ R{i^««l^-&:bii: 
^ t(0;^S(^i:< VAC-C 1 6 OT'fct). RM?t^f-^^ 
ffl-r^ 3 /4iRfttg(ia7K>ft:^«i(^CX- 1 3 7. 6n 

lo 0 8 1 J 1112 9<75x^-x><^gib^c*5v^T^i. 
(a) (OBi^ffi^ttgotofi. NOC:7>ryvA(;iJ:Sta 

^o 'L^^L. (b) (onii7t*g<^t>(otia^M7t:Kcos 

[0 0 8 2] ^/c. 1113 0 07^ :y:^IESl!jic:^5l^T 

fi. (a) (DEi^mtg<ot>(Dti. m.^myt^<Dmi^^ 

[0 0 8 3] Z(DF]M^Ut^1^mmm(DNOCy ^/l- 
n^fc^lc^ LCD MA S T E R v-^ J:^ 

7WA(7:>ftig>(t:^#(7)MrtSrttofco i/^ :x v-g 

LCD<Dm^itm2 8X7jkLtih(OX\ fl5f0ir/Ki4^> 

«iJgef^T\ 1 /4fe:ft«fiaffiW^S5>t5:4$t4^*i-^ 

i:><DtL. NOCy ^ ^i^J^itV ACy ^ /l^J^COXo^J^iS: 

[0 0 8 4] la 3 1 i,tv^m(Dm.i^m^m(Dm'^x\ 
T\ (b) nm\^-<^i^^^i-^i->':^mm)m\^xh 

(2 3 2H. F^mytm t NO Cy ^ /I'M. tcom^^-h 
itX\ (a) fi. ^COiy^ ^ Lx— v-g >^CO^^:/ 
Ni^t4T\ IrIII (b) JlSu-iyu^/b:^ ■fVx^.i^ttT-fo 

[0085J Ill3 1i:lll32'^\ ^rj^f.^;:^ h4#i4co 
(0 0 8 61 =i>h^7s htmR<Dm^i^th\^. NO 
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* NOTICES* 
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1. This document has been translalxMl by computer. So tiie translation may not rellect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings., any words are not translated. 



[Claim(s)] 
[Claim(s)] 

[Claim 1] It is the liquid crystal display which had the condition of being the liquid crystal display which 
pinched tlie li<iuid crystal layer with the substrate with which a pair counters, the liquid crystal molecule 
of said liquid crystal layer having been tJie direction of an azimuth parallel to said substrate, and having 
arranged said liquid crystal layer in the random direction, or changing continuously in a field parallel to 
said substrate, and arranges the circular polarization of light plate on each outside of the substrate of 
said pair. 

[Claim 2] Said circular polarization of light plate is a liquid crystal display according to claim 1 with 
which it is constituted combining a linearly polarized light plate and a quarter; wave length plate, and the 
include angle of the transparency shaft orientation of said linearly polarized light plate and the direction 
of orientation of the liquid crystal molecule of the substrate interface of said liquid crystal layer to make 
is 45 degrees. 

[Claim 3] Said circular polarization of light plate is a liquid crystal display claim 1 arranged so that it 
may be constituted combining a linearly polarized light plate and a quarter-wave length plate and the 
transparency shaft orientation of said linearly polarized light plate and the direction of the lagging axis of 
said quarter-wave length plate may become 45 degrees, or given in two. 

[Claim 4] The liquid crystal display according to claim 3 arranged so that the direction of the lagging axis 
of said quarter-wave length plate arranged on both the outsides of the substrate of said pair is parallel or 
may intersect perpendicularly mutually. 

[Claim 5] It is the liquid crystal display which is a liquid crystal display which pinched the liquid crystal 
layer with the substrate with which a pair counters, said liquid crystal layer has the condition the hquid 
crystal molecule of said liquid crystal layer is the direction of an azimuth parallel to said substrate, and 
arranges in the random direction, or are changing continuously in a field parallel to said substrate, 
arranges a circular polarization of light plate on one outside of the substrate of said pair, adjoins the 
substrate side of another side, and has a light-reflex plate. * . - ... 

[Claim 6] Said circular polarization of light plate is a liquid crystal display according to claim 5 arranged 
so that it may be constituted combining a linearly polarized light plate and a quarter-wave length plate 
and the transparency shaft orientation of said linearly polarized light plate and the direction of the 
lagging axis of said quarter-wave length plate may become the relation which is 45 degrees. 
[Claim 7] The liquid crystal display according to claim 6 whose direction of the lagging axis of said 1/4 
location wavelength plate is the direction of arbitration, 

' [Claim 8] The electric field which have the electrode which furthermore impresses an electrical potential 
difference to said liquid crystal layer, and are formed in said liquid crystal layer with said electrode are 
liquid crystal displays claim 1 which is not uniform in the direction of [ between the substrates of said 
pair ], or a field parallel to said substrate, or given in five. 

[Claim 9] The liquid crystal display according to claim 2 set up so that thickness d of the direction 
between said substrates of said liquid crystal layer and the chiral pitch p of this thickness direction may 
be set to d/p<=0.25. 

[Claim 10] The substrate used as the screen of the substrates of said pair is a liquid crystal display 
according t:o claim 1 with which said circular polarization of light plate arranged on the outside of the 
substrate of the opposite side consists of cholesteric films. 

[Claim 11] A liquid crystal display claim 1 said whose solution layer layer is an amorphous orientation 
ECB mode liquid crystal cell, 2, or given in five. 

[Claim 12] A liquid crystal display claim 1 said whose liquid crystal layer is an amorphous orientation 
HAN mode li(]uid crystal cell, 2, or given in five. 

[Claim 13] A Uquid crystal display claim 1 said whose liquid crystal layer is a twist orientation hquid 
crystal cell, 2, or given in five. 

[Claim 14] A liquid crystal display claim 1 which is the perpendicular orientation liquid crystal cell in 
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which said liquid crystal layer carries out orientation by tlie electric field by the electrode which has slit 
opening, 2, or given in five. 

[Claim 15] Each of said circular polarization of light plate arranged on each outside of die substrate of 
said pair is a liquid crystal display according to claim 1 arranged so that it may be consti tutted combining 
a linearly polarized light plate and a quartxjr wave length plat^ and the direction of the lagging axis of 
said quarter-wave length plate of one of said circular polarization of light plate and the direction of the 
lagging axis of said quarter-wave lengtli plate of said circular polarization of light plate of another side 
may intersect perpendicularly mutually. 

[Claim 16] The t;ransparency shaft orientation of the linearly polarized light plate of one side of said 
circular polarization of light plate and another side arranged on each outside of the substrate of said pair 
is a liquid crystal display according to claim 15 arranged so that it may go direct mutually. 
[Claim 17] Said quart^r wave length plate is a liquid crystal display according to claim 16 which has 
smaller wavelength dispersion nature compared with the wavelength dispersion nature of an ideal 
quarter-wave lengtli plate. 

[Claim 18] Said quarter-wave length plate is a liquid crystal display according to claim 17 which consists 
of a film of one sheet which has the extension shaft which extended the ingredient in the predetermined 
direction. 

[Claim 19] The liquid crystal display of 18 given in any 1 term from claim 15 said whose hquid crystal 
layer is an ECB mode liquid crystal cell. 

[Claim 20] When the refractive index of the direction of an azimuth which intersects perpendicxilarly 
mutually in a direction parallel to the front face of said quarter- wave length plate is set to Nx and Ny and 
the refractive index of the thickness direction is set to Nz Each of said quarter-wave length plate of said 
circular polarization of light plate arranged on each outside of the substrate of said pair is the film which 
has the relation of Nx>Ny>Nz, and the shaft orientations of Nz of the quarter-wave length film of one 
circular polarization of light plate and the circular polarization of light plate of another side are the same. 
The liquid crystal display according to claim 15 with which the direction of Nx crosses. 
[Claim 21] The liquid crystal display according to claim 20 with which said quarter-wave length plate 
consists of a film of at least two sheets which has the relation of Nx>Ny>Nz. 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] With respect to a liquid crystal display, especially, a liquid crystal molecule is the 

direction of an azimuth parallel to a substrate, and this invention relates to a liquid crystal display with 
the liquid crystal array condition of arranging in the random direction or changing continuously in a field 
parallel to a substrat^e. 
[0002] 

[Description of the Prior Art] In a liquid crystal display, there is a problem that a display condition will 
also change with own form birefriiigence of liquid crystal along with it if the observation direction 
(check by -looking angle) of the screen changes. This is considered because the hquid crystal molecule in a 
liquid crystal layer is carrying out the single crystal array by orientation regulation of a substrate 
interface. 

[0003] The so-called multi-domain method to which the orientation of the liquid crystal molecule is made 
to carry out in all the directions at random within a pixel is devised as an approach of every lessening this 
check bylooking angular dependence, and making it into the same display condition from observation. 
For example, many things which divide and constitute each of each pixels in two or more sub-picture 
elements which consist of liquid crystal molecules with two or four ditferent array bearings are proposed. 
By the multi domain method, it is thought that it is the most effective as a cure of check by looking 
angular dependence, the amorphous orientation where the sub picture element (domain) which carries 
out a liquid crystal array exists in an omnidirection, ASM (Axially Symmetric aligned Micro ceU) 
orientation, i.e., axial symmetry orientation etc., etc. 

[0004] In order the light transmittance of a liquid crystal cell is high and to acquire a good display 
condition, the relation between the direction of hquid crystal orientation and polarizing plate 
arrangement needs tx) fulfill some specific conditions. 

[0005] Drawing 35 draws typically the situation at the time of electrical-potential-difference impression of 
ECB. mold (Electrically Controlled Birefringence) -LCD (liquid crystal display). The ECB mold liquid 
crystal cell 1 which pinched the liquid cryst;al layer with the transparence substrate (not shown) of the 
pair which counters is pinched with the linearly polarized light plates 2 and 3 of the direction (arrow 
head) of a transparency shaft (polarization shafO which intersects perpendicxilarly. mutually. At the time 
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of no electxical potcntial-dilTerence impressing; 4 is what illustrated typically the direction ol'a major axis 
of a liquid crystal molecule, for example,, it is standing in the perpendicular direction tx) the polarizing 
plate, and it becomes a dark display without being able to pass light with the polarizing plates 2 and 3 
which are in ortliogonality relation mutually. At the time of electrical potential-difference impression, the 
linearly polarized light which arranged the liquid crystal molecxde in parallel to the polarizing plat>e like 
drawing 35 , and passed one polarizing plat^ changes a liquid crystal cell 1 to elliptically polarized light in 
response to a birefringence at the time of passage, and the part passes another polarizing plate and it 
serves as clear display. 
[0006] 

[Problem(s) to be Solved by the Invention] the ECB mold LCD - setting - high permeability - and - high 
in order to realize a contrast display considering as 45 degrees usually comes out of the include angle of 
the transparency shaft (polarization shaft) of polarizing plates 2 and 3, and the direction of orientation of 
the liquid crystal molecule of a eel substrate interface to make, therefore, the amorphous orientation 
where random nature has strong bearing and ASM mode of the direction of liquid crystal orientation in 1 
pixel - or in LCD in the perpendicular orientation ECB mode at the time of electrical potential difference 
impression, when the sub picture element with which such include angle conditions are not filled exists, 
an effectual numerical aperture falls, decline in light transmittance is caused and the electro-optics 
property when observing from [ of the screen ] a transverse plane especially falls remarkably. 
[0007] In the liquid crystal display in which a liquid crystal molecule has the liquid crystal array 
condition of being the direction of an azimuth parallel to a substrate, arranging in the random direction 
or changing continuously in a field parallel to a substrate, the purpose of this invention has an effective 
numerical aperture with a liquid crystal molecule equivalent to the liquid crystal display of a single 
crystal-array, and there are few viewing angle dependencies, and it is offering the liquid crystal display 
which was moreover excellent in display quality. 
[0008] 

[Means for Solving the Problem] According to one viewpoint of this invention, the liquid crystal molecule 
of said liquid crystal layer is the direction of an azimuth parallel to said substrate, said liquid crystal 
layer had the condition of having arranged in the random direction or changing continuously in a field 
parallel to said substrate, and the liquid crystal display which pinched the liquid crystal layer with the 
substrate with which a pair counters arranges the circular polarization of light plate on each outside of 
the substrate of said pair. 

[0009] According to other viewpoints of this invention, it is the hquid crystal display which pinched the 
liquid crystal layer with the substrate with which a pair counters. Said liquid crystal layer The liquid 
crystal molecule of said liquid crystal layer in the direction of an azimuth parallel to said substrate 
[.whether it arranges in the random direction, and ] Or the liquid crystal display which has the condition 
of changing continuously in a field parallel to said substrate, arranges a circular polarization of light 
plate on one outside of the substrate of said pair, adjoins the substrate side of another side, and has a 
light reflex plate is also included. 

[0010] By having used the circular polarization of light plate for the polarization means, an effectual 
numerical aperture is raised by invisibility izing the abnormality orientation condition of the direction of 
an azimuth in a liquid crystal cell, and forming the field into an effective pixel. This invention is 
applicable to both a transparency mold liquid crystal display and a reflective mold liquid crystal display. 
[0011] 

[Embodiment of the Invention] Usually, although the linearly polarized light plate is stuck on hquid 
crystal cell order, i.e., a front face, and a rear face, respectively as the example of drawing 35 also showed 
The liquid crystal- molecule of a liquid crystal layer is the direction of an azimuth parallel tx> said 
substrate by using a circular polarization of light plate instead of a linearly polarized light plate in this 
invention. It arranges in the random direction, or even if it is a liquid crystal display with the condition of 
changing continuously in a field parallel to a substrate, the display condition of having the effective 
numerical aperture as the liquid crystal display of a single crystal array with the same liquid crystal 
molecule is acquired. And there are few viewing-angle dependencies and display quality is excellent. 
[0012] The mimetic diagram of the liquid crystal display of the transparency mold by the example of this 
invention is shown in drawing 1 . 10 is a liquid crystal layer and the liquid crystal layer 10 which contains 
liquid crystal 11 with the transparence substrate of the pair which is not illustrated is pinched. The 
circular polarization of light plates 20 and 30 are arranged on both the outsides of the liquid crystal layer 
10, respectively. The circular polarization of light plate 20 consists of a linearly polarized light plate 21 
and a quarter-wave length plate 22. It is arranged so that the direction b of transparency 
shaft-orientation a of the linearly polarized light plate 21 and the lagging axis of the quarter-wave length 
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pl?^te 22 may become 45 degrees. Another circular polarization of light plate 30 also consists of a linearly 
polarized light plat>e 31 and a quarter-wave length, plate 32, and that of the sequence ol" a linearly 
polarized light plate and a quarter-wave length plate is reverse. 

10013] That is, parallel arrangement of the transparency shaft is carried out at 45 degrees to a x axis 
before and behind a liquid crystal cell 10, the quarter-wave lengtli plates 22 and 32 have an. all parallel 
lagging axis, and the hnearly polarized light plates 21 and 31 are 0 degree. On this arrangement 
condition, when only the azimuth theta leans about the x axis, if tlie liquid crystal molecule 11 shows the 
transverse-plane outgoing radiation electric field Eout using Jones vector, it will become as a formula 1. 
[0014] 

[Equation l] 
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[0015] Here, Ein shows transverse -plane incident light electric field. In deltan, a refractive index 
anisotropy and deltand show a retardation and i shows an imaginary unit. Since the electric field Ein 
which carry out incidence to a liquid crystal cell 10 only pass the circular polarization of light plate 20, 
they can be expressed with the following formula 2. 

W16] ' 
Equation 2] 
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[0017] If it asks for the outgoing radiation light reinforcement I in consideration of this, as shown in a 

formula 3, it will become the function of the retardation delta of the liquid crystal layer 10. 

[0018] 

[Equation 3] 

I = Eout .Ea|it = 5 A .... . •••(3) .......... 

10019] However, Eout* is the complex conjugate of Eout. That is, the transmitted light reinforcement I is 
unrelated to the bearing theta of liquid crystal orientation, and it depends for it only on the liquid crystal 
molecular arrangement of the thickness direction of the liquid crystal layer 10. 

[0020] The example of a reflective mold liquid crystal display other than the transparency mold liquid 
crystal display of drawing 1 is shown in drawing 2 . Although 40 is a light reflex plate or a reflector and 
outgoing radiation light penetrates a liquid crystal layer twice by drawing 2 , except it, it is the same as 
that of the example of drawing 1 , and the same effectiveness can be acquired. 

[0021] Drawing 3 shows another example of a transparency mold liquid crystal display. Having relation 
relation, and the transparency shaft and lagging axis between the circular polarization of hght plates 20 
and 50 of order crossed at, right angles differs from the case of drawing 1 . That is, the transparency shaft 
c of the linearly polarized light plate 51 of the circular polarization of light plate 50 by the side of outgoing 
radiation and the transparency shaft a of the linearly polarized light plate 21 of the circular polarization 
of light plate 20 by the side of incidence intersect perpendicularly mutually, and the lagging axis e of the 
quarter-wave length plate 52 of the circular polarization of light plate 50 by the side of outgoing radiation 
and the lagging axis b of the quarter-wave length plate 22 of the circular polarization of light plate 20 by 
the side of incidence lie at right angles mutually. Also in this example, the same effectiveness as the 
example of drawing 1 can be acquired. 

[0022] Drawing 4 shows another example of a transparency mold liquid crystal display. That the include 
angle of the transparency shaft a of a polarizer Oinearly polarized hght plate) 61 and. the direction of 
orientation of the liquid crystal molecule 11 which constitute the circular polarization of light plate 60 by 
the side of incidence to make has been set up with 45 degrees, and the include angle of the transparency 
shaft c of an analyzer (linearly polarized light plate) 71 and the direction of orientation of the 
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liquid crystal molecule 11 which constitute the circular polarization ol' light plate 70 by the side of 
outgoing radiation in connection with it to make is also 45 degrees differs from the case of drawing 1 - 
drawing 3 . Furthermore, the transparency shaft c of the analyzer 71 of the circular polarization of light 
plate 70 by the side of outgoing radiation and the transparency shaft a of the polarizer 61 of the circular 
polarization of light plate 60 by the side of incidence intersect perpendicularly mutually, and the lagging 
axis e of the quarter-wave length plate 72 of the circular polarization of light plate 70 by the side of 
outgoing radiation and the lagging axis b of the quarter-wave length plate 62 of the circular polarizatJon 
of light plate 60 by the side of incidence lie at right angles mutually. 

[0023] If the outgoing radiation photx)electrical community reinforcement Eout of the example of drawing 

4 is shown using Jones vector, it will become as a formula 4. 

[0024] 

[Equation 4] 
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[0025] Furthermore, the outgoing radiation hght reinforcement lout comes to be shown in a formula 5. 
[0026] 

[Equation 5] 

I,»t=-|- Ii«COS^(-y-j -(5) 



[0027] Also in this example, it becomes the function of the retardation delta of the liquid crystal layer 10, 
and transmitted light reinforcement becomes unrelated to the azimuth theta of a liquid crystal molecule, 
and can acquire the same effectiveness as the example of drawing 1 - drawing 3 . 

[0028] According to this formula, when a circular polarization of hght plate is used, it turns out that 
transmitte.d light reinforcement is not related to the azimuth theta of a liquid crystal molecule. When an 
ideal circular polarization of light plate is used, arrangement with a circular polarization of light plate 
and a liquid crystal layer is arbitrary, and good. That is, axial bearing of a circular polarization of light 
plate may be theoretically arbitrary. 

[0029] In addition, since the lagging axis oif the quarter-wave length plate of the circular polarization of 
light plate, by the side of the incidence of the example of drawing 4 and outgoing radiation is mutually 
parallel and the hand of cut of the circular polarization of light serves as identitas (all are right-handed 
rotation or left-handed rotation) by the incidence and outgoing radiation side, a normally white display is 
obtained. When the lagging axis of the quarter- wave length plate of the circular polarization of light plate 
by the side of incidence and outgoing radiation is made to intersect perpendicularly mutually by 
arrangement of drawing 4 , the outgoing radiation light reinforcement lout comes to be shown in a 
formula 6. In this case, since the hand of cut of the circular polarization of light becomes the 
circumference of reverse by the incidence and outgoing radiation side, a normally black display is 
obtained. 
[0030] 

[Equation 6] 

Iom = y liflSin^^Y^ -(6) 
[0031] 

[Example] Next, the result which actually produced and was examined about the example of the liquid 
crystal display shown in drawing 1 - drawing 3 is explained with reference to drawing 5 and drawing 6 R> 
6. 

[0032] The slit opening 101 (non polar zone) was formed for the common electrode 100 which drives the 
liquid crystal of each pixel in the center section as the shape of a rectangular stripe by 10 micrometers of 



-5- 



JP2002-040428A 



the same witlUi of face as a contiguity electrode spacing, orientation control of a li(iuid crystal molecule 
was performed using the slanting electric field (a fringing field, unnniformity electric field) by the edge 
section of a slit, and the combination of the liquid crystal cell which has improved the viewing angle 
property, and a circular polarization of hght plate was used. 

[0033] d= 3.8 micrometers of eel thickness and the dielectric constant anisotropy of a liquid crystal cell 
are negative deltaepsilon<0, and the electrode spacing (= slit width) of the slit electrode 100 is 10 
micrometers. Applied voltage is a rectangle alternating current wave in 4.3Vrms(es). As the light source 
for measurement; main wavelength used it for the halogen lamp through the NIKON band pass filter 
which is 530nm. In addition, for reference, what used the conventional linearly polarized light plate was 
produced, and relative measurement was performed. 

[0034] It uses the conventional linearly polarized light plal^, and drawing 5 depends drawing 6 on the 
example of this invention which used the circular polarization of light plate (linearly polarized light plate 
+ quarter-wave length plate) for the same liquid crystal cell, and each is the NIKON polarization 
microscope and it photos the field which has an electrode on the above-mentioned conditions. 
[0035] In the case of the conventional example of drawing 5 , the linearly polarized light plate used that 
with which the polarization microscope is equipped. In this case, since hquid crystal molecular 
orientation control by ununiformity electric field (slanting electric field) is performed, the direction of 
bearing orientation of a liquid crystal molecule is not uniform within 1 pixel. Therefore, in spite of 
impressing the electrical potential difference, as for the field of the liquid crystal molecule arranged in 
parallel with the transparency shaft orientations f and g of the linearly polarized hght plate arranged 
before and after a liquid crystal cell, it turns out that light transmittance does not rise enough but looks 
in the shape of [ dark ] a shadow like a photograph. This is because the director of liquid crystal and the 
transparency shaft of a dark part of a polarizing plate correspond and it does not fulfill the optimum 
conditions of 45 degrees in the relation between the direction of orientation, and the transparency shaft 
orientations of a polarizing plate. 

[0036] The linearly polarized light plate using the circular polarization of light plate of drawing 6 which is 
used for the circular polarization of light plate by the side of incidence in the case of the example of this 
invention used the built in thing for the polarization microscope, the quarter-wave le,ngth plate used the 
NIKON object for 530nm, and the Sanritsu circular polarization of light plate was used for another 
linearly polarized light plate and quarter-wave length plate for circular polarization of light plates, h and 
i of drawing 6 show the direction of a lagging axis of the quarter- wave length plate of a top and the bottom. 
X is the transparency shaft orientations of a top linearly polarized light plate, and y shows the 
transparency shaft orientations of a bottom linearly polarized light plate. The part of the shape of a dark 
shadow which tries to be the conventional thing of drawing 5 disappears, and the effective numerical 
aperture is improving so that clearly from the photograph of drawing 6 . 

[0037] A graph shows the simulation examination result performed to drawing 7 in addition to this.- 
Drawing 7 is the liquid crystal display which uses the circular polarization of light plate of this invention, 
and is the result of examining what kind of influence it has with the magnitude of the twist angle of the 
liquid crystal molecule of a liquid crystal cell. In this drawing, (a), (b), (c), and (d) show the case where 
twist angles are 0 degree, 90 degrees, 180 degrees, and 240 degrees, respectively, an axis of abscissa 
shows applied voltage and an axis of ordinate shows light transmittance. And a continuous line is the 
thing of the conventional linearly polarized light plate use in each graph, and it is the case where a dotted 
hne is circular polarization of light plate use of this invention. 

[0038] When a circular polarization of light plate is used from drawing 7 so that clearly, as a twist angle 
becomes large, decline in permeability becomes larger. Therefore, a twist angle has the desirable range of 
0 degree - about 200 degrees practical, and is especially desirable. [ of the range of 0 degree -. 180 degrees ] 
[0039] Next, the property graph of (a) of drawing 8 shows the examination result about the light 
transmittance (axis of ordinate) to the applied voltage (axis of abscissa) in the liquid crystal layer of the 
example of drawing 1 , and arrangement of a circular polarization of light plate. The twist angle of liquid 
crystal was made into 0 degree here. A pre tilt angle is 89.9 degrees (perpendicular orientation). In this 
case, in the liquid crystal layer 10, even if it rotated the optical axis as a core, a property was hardly 
different from (a) of drawing 7 , That is, it turned out that it can be supposed that the relation of the 
direction of orientation of a circular polarization of light plate and a liquid crystal molecule is arbitrary. 
[0040] Furthermore, the property graph of (b) of drawing 8 shows another examination result of the 
applied-voltage (axis of abscissa) opposite permeability (axis of ordinate) in the liquid crystal layer of the 
example of drawing 1 R> 1, and arrangement of a circular polarization of light plate. The chiral agent was 
added and the twist angle of liquid crystal was made into 90 degrees. A pre tilt angle is 89.9 degrees 
(perpendicular orientation). In this case, it fixed and the liquid crystal layer 10 rotated the optical axis for 
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the circular polarization of light plalX:^ 50 by the side ol' outgoing radiation as a core. In this case, 
arrangement of drawing 3 will also be included. Thus, even if it rotated the circular polarization of light 
plate 50, the property of (b) of drawing 8 hardly changed. That is, it turned out that it can be supposed 
that the arrangement relation of the circular polarization of light plate of order is arbitrary. 
[0041] Next, about the example of the liquid crystal display shown in drawing 4 , a fundamental 
configuration is common, the liquid crystal cell of six different conditions of (l) ■ (6) as shown below is 
actually created, and the result of the example of an experiment which measured those properties about 
each is explained. The common manufacture conditions of each I these ] eel are as follows. In addition, in 
notation a-, amorphous one and SH mean a super HOMEOTORO pick and HAN means a hybrid aryne 
DONEMA tick. 
[0042] 

Substrate: TSP OIS Electrode : [ For lOohm / of field resistance / **:SLIT (slit) orientation ] TSP-019 For 
the 10ohm**:a-SH and light orientation SH TSP-014 except 100ohm**:SH orientation film membrane 
formation: ■ spinner use (2000rpm/60sec) orientation film: the object for level orientation The object 
for perpendicular orientation, prebaking for optical orientation: They are [ C / 90 degree/ object / for 
postbake:level for 2 minutes orientation ] 120 diameters (only SH eel) of 200-degreeC gap control:3.8 
micrometer per microscope 1/4 visual field at IGO degreeC and the object for optical orientation in 
240-degreeC and the object for perpendicular orientation with a hot plate. 
80 diameters of 5.0 micrometer per microscope 1/4 visual field (other eels) 

Seal: A vacuum impregnation pattern (only SH eel), a capillary tube impregnation pattern (other eels) 
Press: They are usually conditions (l.lkg/cm2). 

example of experiment (l) 1 shaft a ECB mode LCD display side orientation film: background 
orientation film for level orientation: eel thickness for level orientation: - 5.0-micrometer liquid crystal: 
- MLC-2019 d/p:0deltand:0.387micrometerdeltaepsilon:>0 microphotography : Drawing 9 electro optics 
property: example of drawing 17 experiment (2) a TN mode LCD display side orientation film: 
background orientation film for level orientation: eel thickness for level orientation: 5.0-micrometer 
liquid crystal: -- ZLI-3504-100 d/p:0.25deltand:0.485micrometerdeltaepsilon:>0 microphotography : 
Drawing 11 electro optics property: example of drawing 19 experiment (3) a HAN mode LCD display side 
orientation film: background orientation, film for perpendicular orientation: - eel thickness for level 
orientation: - S.O micrometer liquid crystal: - ZLr5200-000 d/p:0deltand:0.6micrometerdeltaepsilon:>0 
microphotx)graphy : Drawing 10 electro optics property: drawing 18 - example of experiment (4) SLIT 
orientation SH mode LCD display side orientation film: -- background orientation film for perpendicular 
orientation: - eel thickness for perpendicular orientation: - 3.8-micrometer hquid crystal: - 
MJ95170+CB-15 d/p: - 0, 0.25, and 0.7deltand:about 1.0 micrometerdeltaepsilon:<0 microphotography: 
drawing 12 (a) and (b) ■ Drawing 14 (a), (b), drawing 16 R> 6 (a), (b) ■ electro optics property: example of 
the drawing- 20 experiment (5) a* SH mode LCD display side orientation film: - -background orientation 
film for perpendicular orientation: - eel thickness for perpendicular orientation: - 3.8-micrometer liquid 
crystial: MJ95170+CB-15 d/p: - 0, 0;25, and 0.7deltand:about 1.0 micrometerdeltaepsildii:<0 
microphotography: drawing 12 (c), (d), drawing 14 (c), (d), drawing 16 R> 6 (c), (d) - electro optics 
property: drawing 21 - example of experiment (6) 1 shaft SH mode LCD display side orientation fihn: • 
background orientation film for optical orientation: - eel thickness for optical orientation: 
3.8-micrometer liquid crystal: - MJ95170+CB-15 d/p: - 0, 0.25, and 0.7deltand:about 1.0 
micrometerde]taepsi]on:<0 microphotography: drawing 13 , drawing 15 , drawing 16 (e), (0 electro-optics 
property: The usual eel which is drawing 22 and which carried out rubbing of the level orientation film 
about the eel of amorphous orientation (a ) for the comparison (presumed pre tdt angle of 1.5 degrees) was 
also created. The optical orientation eel was created on the basis of the pre tilt angle obtained on the 
exposure conditions 45 degrees from slant to a substrate side by the polarization light source of 254nm 
wavelength. Liquid crystal impregnation of AMORUFARUSERU was performed in the isotropic phase on 
the hotplate, and it cooled naturally after impregnation. 

[0043] The eel in each above-mentioned mode was created and the polarization microscope observation 
system performed texture observation of the screen. In the linearly polarized light platx?, SQX852-AP-HC 
and a circular polarization of hght plate used Sumitomo Chemical prototype circular polarization of hght 
plate CP-B(righthanded-rotation circular polarization of light plate)/CP-B and CP-B/CP-D 
(left-handed-rotation circular polarization of light plate). And measurement of an electro optics property 
was performed in LCD5000AGS. The linearly polarized light plate and circular polarization of light plate 
in that case are the same as the thing at the time of texture observation. The reference of the drive wave 
of glass and a eel is static, and is fixed to IkHz, and the light source is a halogen lamp. 
<Texture observation result> (l) vmiaxial orientation eel drawing 9 In the liquid crystal cell in the a ECB 
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mode of the exi^mple of an experiment (l). it is a texture microphotography at the time of no 
electrical poiXiMitial clifference impressing. This drawing (a) By the case where it has arranged by 
orthogonahty relation before and after the eel of a Prior art a linearly polarized light pJaix? (b) of this 
drawing By the case where the circular polarization of hght platx^ by the example of this invention is 
considered as CP B/CP D arrangement, this drawing (c) shows the microphotography at the time of 
considering the circular polarization of light plate by the example of this invention as CP B/CP-B 
arrangement; respectively. 

[0044] Drawing 10 is a texture microphotography at the time of no electrical-potential-difference 
impressing in the liquid crystal cell in the a HAN mode of the example of an experiment (3), This drawing 
(a) By the case where it has arranged by orthogonality relation before and after the eel of a Prior art, a 
linearly polarized light plate (b) of this drawing By the case where the circular polarization of light plate 
by the example of this invention is considered as CP B/CP D arrangement, this drawing (c) shows the 
microphotography at the time of considering the circular polarization of light plate by the example of this 
invention as CP B/CP B arrangement, respectively. In addition, in drawing, an arrow head P shows the 
transparency shaft orientations of a polarizer 61, and an arrow head A shows the transparency shaft 
orientations of an analyzer 71, respectively. Moreover, the combination of the circular polarization of light 
plate with which CP-D serves as the counterclockwise circular polarization of light in the circular 
polarization of hght plate with which CP B serves as the clockwise circular polarization of light is shown. 
[0045] In arrangement of the linearly polarized light plate of (a) of drawing 9 and drawing 10 , many 
fields dark for random nature in liquid crystal orientation are seen, and it turns out that a substantial 
numerical aperture is low. In CP B/CP D arrangement (normally black display), a point defect is seen in 
the circular polarization of light plate of this drawing (b), but it turns out that it is observed like a 
seemingly quite uniform orientation condition, and the numerical aperture is improving sharply. 
Although a photograph is dark and unclear when the circular polarization of light plate of this drawing (c) 
is considered as CP B/CP B arrangement (normally white display), the actual quite uniform display. is 
obtained. 

[0046] In addition, although checked in these modes also about the eel which made domain size of 
amorphous orientation smaller, the difference was not looked at by the homogeneity of a display except 
that a point defect increased. Therefore, in order to lessen a point defect, it thinks that it is better to 

enlarge domain size. 

Twist orientation drawing 11 is a texture microphotography at the time of no 
electrical-potential-difference impressing in the liquid crystal cell in the a-TN mode of the example of an 
experiment (2). (2) This drawing (a) By the case where it has arranged by orthogonality relation before 
and after the eel by the Prior art, a hnearly polarized light plate (b) of this drawing By the case where the 
circular polarization of light plate by the example of this invention is considered as CP-B/CP-D 
arrangement, this drawing (c) shows the - microphotography- at the -time of considering- the circular 
polarization of light plate by the example of this invention as CP B/CP B arrangement, respectively. 
[0047] Although the direction of orientatioii is random in the- case of a-TN mode, both have acquired 
almost equivalent homogeneity by the case where the homogeneity of a display considers the circular 
polarization of light plate of the combination of the conventional linearly polarized hght plate of drawing 
10 (a), and the example of invention of this drawing (c) as CP B/CP B arrangement. Originally, as for the 
light transmittance of a TN, it turns out that about 98% of the usual TN is obtained. In addition, the 
point that the case of this twist orientation differs from optically uniaxial orientation is a normally black 
display in CP B/CP B arrangement, and is that CP B / CP D arrangement makes a normally white 
display. This is considered because the 90 degrees of the polarization directions of light are rotating in the 
liquid crystal layer. 

(3) Perpendicular orientation drawing 12 is a texture microphotography at the time of no 
electrical potential ditference impressing in the liquid crystal cell in the SLIT orientation SH mode of the 
example of an experiment (4), and the random orientation SH mode of the example of an experiment (5). 
the orientation film for perpendicular orientation - using it the ratio of the eel gap d and the chiral 
pitch p d/p is 0. This drawing (a) a linearly polarized light plate by the case where it has arranged by 
orthogonality relation before and after the SLIT orientation SH mode eel by the Prior art (b) of this 
drawing By the case where it considers as CP B/CP-D arrangement in a SLIT orientation SH mode cel. 
the circular polarization of light plate by the example of this invention this drawing (c) It is the case 
where the linearly polarized light plate has been arranged by orthogonality relation before and after the 
liquid crystal cell in the random orientation SH mode by the Prior art, and this drawing (d) shows the 
microphotography at the time of considering a circular polarization of light plate as CP B/CP D 
arrangement to the liquid crystal cell in the random orientation SH mode by the example of this 
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invention, respectively. 

l0048j Drawing 13 js a texture microphotography at the time oJ' no eJectricaJ potenual clifTerence 
impressing in the liquid crystal cell in the optical orientation 1 shaft SH mode of the example of an 
experiment (6). the orientation film for perpendicular orientation ■ using it - the ratio of the eel gap d 
and the chiral pitch p d/p is 0, This drawing (a) by the case where have arranged the linearly polarized 
light plate by orthogonality relation, and a tilt angle considers as 89.9 degrees before and behind the 
optical orientation SH mode eel by the. Prior art (b) of this drawing By the case where considered the 
circular polarization of light plate by the example of this invention as CP-B/CP D arrangement in the 
optical orientation SH mode eel, and a tilt angle considers as 89.9 degrees, this drawing (c) By the case 
where have arranged the linearly polarized light plate by orthogonality relation, and a tilt angle 
considers as 89.5 degrees before and behind the optical orientation SH mode eel by the Prior art, this 
drawing (d) The microphotography in the case where considered the circular polarization of light plate by 
the example of this invention as CP B/CP D arrangement in the optical orientation SH mode eel by the 
example of this invention, and a tilt angle considers as 89.5 degrees is shown, respectively, 
[0049] Drawing 14 is a texture microphotography at the time of no electrical-potential-difference 
impressing in the liquid crystal ceU in the SLIT orientation SH mode of the example of an experiment (4), 
and the random orientation SH mode of the example of an experiment (5). a point which uses the 
orientation film for perpendicular orientation and is different from dra wing 12 - the ratio of the eel gap d 
and the chiral pitch p - d/p is referred to as 0.25. This drawing (a) a linearly polarized light plate by the 
case where it has arranged by orthogonality relation before and after the SLIT orientation SH niode eel 
by the Prior art (b) of this drawing By the case where it considers as CP-B/CP D arrangement in a SLIT 
orientation SH mode eel, the circular polarization of light plate by the example of this invention this 
drawing (c) It is the case where the linearly polarized light plate has been arranged by orthogonality 
relation before and after the liquid crystal cell in the random orientation SH mode by the Prior art, and 
this drawing (d) shows the microphotography at the time of considering a circular polarization of light 
plate as CP-B/CP-D arrangement to the liquid crystal cell in the random orientation SH mode by the 
example of this invention, respectively. 

[00501 - Drawing 15 is a texture microphotography at the time of no electrical-potential- difference 
impressing in the liquid crystal cell in the optical orientation 1 shaft SH mode of the example of an 
experiment (6). a point which uses the orientation film for perpendicular orientation and is different from 
drawing 13 R> 3 - the ratio of the eel gap d and the chiral pitch p - d/p is referred to as 0.25. This 
drawing (a) by the case where have arranged the linearly polarized light plate by orthogonality relation, 
and a tilt angle considers as 89.9 degrees before and behind the optical orientation SH mode eel by the 
Prior art (b) of this drawing By the case where considered the circular polarization of light plate by the 
example of this invention as CP-B/CP-D arrangement in the optical orientation SH mode eel, and a tilt 

- angle considers as 89 9 degrees, this drawing (c) By the ease where have arranged the linearly polarized » • *- 

light plate by. orthogonality relation, and a tilt angle considers as 89.5 degrees before and behind the 
optical orientation SH mode eel by the Prior art, this drawing (d) The microphotography in the case where 
considered the circular polarization of light plate by the example of this , invention as CP B/CP D 
arrangement in the optical orientation SH mode eel by the example of this invention, and a tilt angle 
considers as 89.5 degrees is shown, respectively. 

[0051] Drawing 16 is a texture microphotography at the time of no electrical-potential-difference 
impressing in each liquid crystal cell in the SLIT orientation SH mode of the example of an experiment 
(4), the random orientation SH mode of the example of an experiment (5): and the optical orientation 1. 
shaft SH mode of the example of an experiment (6). a point which uses the orientation film for 
perpendicular orientation and is different from drawing 12 15 - each - the ratio of the eel gap d and the 
chiral pitch p d/p is referred tjo as 0.7. This drawing (a) a linearly polarized light plate by the case where 
it has arranged by orthogonality relation before and after the SLIT orientation SH mode eel by the Prior 
art (b) of this drawing By die case where it considers as CP-B/GP D arrangement in a SLIT orientation 
SH mode eel, the circular polarization of light plate by the example of this invention this drawing (c) It is 
the case where the linearly polarized light plate has been arranged by orthogonality relation before and 
after the liquid crystal cell in the random orientation SH mode by the Prior art. This drawing (d) By the 
case where it considers as CP B/CP D arrangement a circular polarization of light plate tx) the hquid 
crystal cell in the random orientation SH mode by the example of this invention this drawing (e) By the 
case where have arranged the linearly polarized light plate by orthogonality relation, and a tilt angle 
considers as 89.5 degrees before and behind the optical orientation SH mode eel by the Prior art, this 
drawing (0 A microphotography when the circular polarization of light plate by the example of this 
invention is considered as CP-B / CP D arrangement in the optical orientation SH mode eel by the 
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exajiiple of this invention ynn] tilt angle considers as 89.5 degrees is shown, respectively. 
|0052| AJso in texture observation in the perpendicuhar orientation mode shown in drawing 12 - drawing 
16 , it turns out that a bJack cross disappears in all conditions and only the intersection of a black cross 
has become a point defect by the case where the circular polarization of light plat^ of this invention is 
used, compared with the combination of the conventional linearly polarized Hght plate. Probably, in 
random orientation SH mode, the microphotograpby shows especially that a property improvement is 
carried out remarkably. 

The graph of the electro optics property of tJie applied-voltage (axis of abscissa) opposit>e light 
transmittance (axis of ordinate) of the a-ECB mode eel of tlie example of an experiment (l) which carried 
out the <electro-optics property (l)> uniaxial orientation eel above, and the a HAN mode eel of the 
example of an experiment (3) is shown in drawing 17 and drawing 1818 , respectively. Also in which 
property Fig., the property of the eel which combined the conventional linearly polarized light pi a t^ for 
the comparison is written in addition. It is a property when a broken line combines a circular polarization 
of light plate with the a ECB mode eel by the example of this invention by CP B/CP D arrangement by 
the case where an alternate long and short dash line combines the linearly polarized light plate 
conventional in an a-ECB mode eel by the case where a continuous line combines a linearly polarized 
light plate with the conventional single crystal-orientation cel. 

[0053] This property Fig. shows that the maximum permeability Tmax is improving by having used the 
circular polarization of light plate in an amorphous orientation eel as compared with the case of the 
conventional linearly polarized light plate use. However, it also turns out that it is less than the property 
of a single crystal-orientation cel. This is considered that that orientation discontinuity between domains 
cannot be removed completely has influenced with the circular polarization of light plate. 

(2) The graph of the electro optics property of the applied -voltage pair light transmittance of the a-TN 
mode eel of the example of an experiment (2) described above to twist orientation eel drawing 19 is shown. 
Also in which property Fig., the property of the eel which combined the conventional linearly polarized 
light plate for the comparison is written in addition. It is a property when a fine broken line combines a 
circular polarization of light plate with the a TN mode eel by the example of this invention by CP B/CP B 
arrangement by the case where a rude broken line combines a circular polarization of hght plate with the 
a-TN mode eel by the example of this invention by CP B/CP-D arrangement by the case where an 
alternate long and short dash line combines the linearly polarized light plat^ conventional in an a TN 
mode eel by the case where a continuous line combines a linearly polarized light plate with the 
conventional single crystal-orientation cel. 

[0054] In the case of a twist orientation eel, the property of drawing 19 shows differing sharply [ the 
property of the combination of a circular polarization of light plate ] from the property of combination 
with a linearly polarized light plate. Therefore, use of the circular polarization of light plate in a twist 
• ' • - orientation eel will not^ead- to improvement in-^a large property; However^ those -with 180 degree -and a 
property improvement could expect [ rotation of the circular polarization of light ] within liquid crystal, 
when it is used for a reflective mold liquid crystal display. 

(3) The graph of the electro optics property of the applied voltage pair light transmittance of the SLIT 
orientation mode eel of the example of an experiment (4) which carried out the perpendicular orientation 
eel above, the random orientation SH mode eel of the example of an experiment (5), and the uniaxial 
orientation SH eel of the example of an experiment (6) is shown in drawing 20 , drawing 21 , and drawing 

22 , respectively. 

[0055] Also in the property Fig. of ctrawmg 20 , the property of the eel which combined the conventional 
linearly polarized light plate for the comparison is writt^en in addition. By the case where a continuous 
line combines a linearly polarized light plate with the conventional eel (d/p=0) By the case where an 
alternate long and short dash line combines a circular polarization of light plate in a SLIT orientation eel 
(d/p=0) When broken hne ** combines a linearly polarized light plate with a SLIT orientation eel 
(d/p=0.25), When broken line ** combines a circular polarization of light plate with a SLIT orientation eel 
(d/p=0.25) and broken line ** combines a linearly polarized light plate with a SLIT orientation eel 
(d/p=0.7), it is a property when broken line ** combines a circular polarization of light plate with a SLIT 
orientation eel (d/p=0.7). 

[0056] The property Fig. of drawing 21 by the case where a continuous line combines a linearly polarized 
light plate with the conventional eel (d/p=0) By the case where an alternate long and short dash line 
combines a circular polarization of light plate in a random orientation SH eel (d/p=0) When broken-line ** 
combines a linearly polarized light plate with a random orientation SH eel (d/p=0,25), Wlien broken line 
** combines a circular polarization of light plate with a random orientation SH eel (d/p=0.25), When 
broken-line ** combines a linearly polarized light plate with a random orientation SH eel (d/p=0.7), it is a 
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property when broken line ** combines s circular polarization of light plate with a random orientation 
SH ceJ (d/p=0.7). 

[0057] The property Fig. of drawing 22 is a property when broken line ** combines a circular polarization 
of light plate with a uniaxial orientation SH eel (d/p=0.25). when broken line ** combines a linearly 
polarized light plate with a uniaxial orientation SH eel (d/p=0.25) by the case where an alternate long and 
short dash line combines a circular polarization of light plate in a uniaxial orientation SH eel (d/p=0) by 
the case where a continuous line combines a linearly polarized light plate with the conventional eel 
(d/p=0). Each pre tilt angle is 89.5 degrees. 

[0058] In the property of drawing 20 - drawing 22 , it has checked that Tmax was going up on all 
orientation conditions in d/p=0 which combined the circular polarization of light plate by CP B/CP B 
arrangement, and the conditions of d/p=0.25. The value of Tmax is especially high in a random 
orientation SH eel and a uniaxial orientation SH eel (89.5 degrees). Thus, by use of a circular polarization 
of light plate, the effective numerical aperture increased sharply and improvement in sharpness has also 
brought it about. However, Tmax falls on condition that [ case / of use of a linearly polarized light plate ] 
d/p=0.7. However, the effectiveness of a threshold fall and improvement in sharpness is acquired. That is, 
by using a circular polarization of light plate on all orientation conditions showed that a black cross was 
eliminated and a substantial numerical aperture rose. However, when it was the conditions that a d/p 
value is large, it turned out that there is a phenomenon of reducing Tnaax, About this phenomenon, the 
same result is obtained also by another simulation inspection. 

[0059] When the circular polarization of light plate was applied to liquid crystal cells which the 
amorphous orientation (ASM is included) which does not have torsion within a liquid crystal layer, and a 
black cross generate, such as slit orientation (orientation by slanting electric field), and random 
orientation SH, from the above result, it turned out that a substantial numerical aperture improves 
remarkably and a good electro optics property is acquired. Especially, it is effective in perpendicular 
orientation mode, and it turned out that a high effective numerical aperture is obtained without 
orientation processing. However, addition of the chiral agent in perpendicvdar orientation does not 
necessarily lead to improvement in a property. Moreover, a d/p value has the desirable use or less by 0.25. 
[0060] Next, example with still more nearly another this invention is explained with reference to drawing 
23 . Although the circular polarization of light plate of a configuration of having combined the linearly 
polarized light plate and the quarter-wave length plate before and after the liquid crystal cell has been 
arranged in the example explained so far, in the example shown in drawing 23 , to the display side, the 
same circular polarization of light plate 80 as the above-mentioned example has been arranged, and the 
cholesteric film 90 which had the same operation as a circular polarization of light plate in the back light 
light source side of it and the opposite side instead of the circular polarization of light plate has been 
arranged. The same effectiveness as the case where a circular polarization of light plate is used for both 
sides also in this example was acquired. ' . , , : - . . -v.^,-. ^ 

[0061] In addition, as the creation approach of the cholesteric film 90, it is Philips. Research Paper. 
"Molecular Architecutures in Thin Filnis by In Situ Photbpolymerization of Reactive Liquid Crystals" by 
the D. J.Broer work of Laboratories, SID 95 It can obtain using the approach indicated by Digest and 165. 
moreover, as an approach of forming a cholesteric film in a back light panel Similarly it is Philips. 
Research "The paper by the work besides D. J.Broer of Laboratories Reflective Cholesteric Polariser 
Improving the Light Yield of Back- and Side Lighted Flat Liquid Crystal Displays", ASIA What is 
indicated by Display'95 can be used. 

[0062] The liquid crystal display of almost all formats, such as the thing of the multi-domain structure 
where the direction of an azimuth of liquid crystal carries out random or continuous change as a format of 
a liquid crystal display which can apply this invention, a transparency mold, a reflective mold, a 
horizontal or a perpendicular orientation ECB mold, an amorphous TN mold, the axial symmetry 
orientation LCD, ASM LCD, LCD driven by the ununiformity electric field by the electrode which 
prepared the slit, and TFT LCD, serves as the object. For example, the liqidd crystal cell in a ECB mode, 
a TN mode, a HAN mode, slit orientation SH mode, a SH mode, and 1 shaft SH mode is applied. 
[0063] Next, as a circular polarization of light plate used in the example of this invention explained above, 
when using the combination of a linearly polarized light plate and a quarter-wave length plate, the 
example which uses what carried out the laminating of the film which extended and created PC 
(polycarbonate), PES (polyether sulfide), etc. to the quarter-wave length plate is explained below. 
[0064] what stuck two films - " - two sheets are stuck, it is a" type circular polarization of Ught plate, and 
there are some which laminated the 1/2-wave film and quarter-wave length film of the above-mentioned 
ingredient in piles on the linearly polarized light film as a configuration of the circular polarization of 
light plate. In this case, the combination of a 1/2-wave film and a quarter-wave length film is constituted 
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so than the wavelengih dispersion nature approximalxsci tjo the ideal quaru^r wave length plai-e property 
may be shown, in addition, it arranges and one qnarter wave length I'ihn was stuck on the linearly 
j)olari2ed light film so that the transparency shaft orientations of a linearly polarized light film and the 
direction of a lagging axis of a quarter-wave lengtji film might become 45 degrees " "■■ one sheet is stuck 
and there is also a" type circular polarization of light plate. This is usually used for tlie purpose of acid 
resisting, or is used by a tx)uch switch etc. 

[0065] "2 sheet • sticking - the quarter-wave length film for" type circular polarization of hght plat-es ■ 
"-• the result of having stuck one sheet, having actually prepared the" type ijlm, and having conducted the 
performance-evaluation experiment as a quarter-wave length plate is shown in drawing 24 . As for the 
graph of drawing 24 , an axis of ordinate shows [ an axis of abscissa ] a retardation value on wavelength. 
One made from PC was stuck with the film, and one made from PES was stuck with the film, and two 
kinds (quarter-wave length differs from CX-137.5nm and CX-150nm) were prepared, and two made from 
PC were stuck as an experiment sample, and it measured [ it is a gaging system using a photoelasticity 
modulation element, and ] by the wavelength of 632.8nm, and 543. 5nm. And the result of having carried 
out the curve fitting of the measured value on the point plotting [ observation ] using the model type 
according to Cauchy's wavelength dispersion type is the graph of drawing 24 . 

[0066] In drawing 24 , the straight line of a thick continuous line is the property of an ideal quarter-wave 
length plate. On the other hand, the curve which plotted the black rectangular head of a fine dotted line 
sticks two PCs, and in the property of the quarter- wave length film of a type, others stick one sheet, and it 
turns out that it is the closest to an ideal property as compared with the property of a type. In order to 
obtain an ideal quarter-wave length plate from this experimental result, also sticking the small PES film 
of wavelength dispersion nature two sheets, and making it a configuration turns out to be the need. 
[0067] furthermore, another experiment - setting - as a normally black display mold - a quarter- wave 
length film - creating - a spectrum - spectral characteristics were measured. What stuck a hnearly 
polarized light plate and one PC, -and combined the quarter-wave length film of a type in this experiment 
so that it might become a right handed rotation circular polarization of light plate, By arrangement to 
which the direction of a lagging axis is mutually parallel, what stuck a linearly polarized light plate, and 
one PC, and combined the quarter-wave length film of a type so that it might become a 
left-handed-rotation circular polarization of light plate The sample stuck in parallel with the glass 
substrate of 0.3mm thickness (parallel arrangement sample), What stuck a linearly polarized light plate 
and one PC, and combined the quarter-wave length film of a type so that it might become a 
right-handed-rotation circular polarization of light plate, By arrangement arrangement and the direction 
of a lagging axis cross at right angles mutually what stuck a linearly polarized light plate and one PC, 
and combined the quarter-wave length film of a type so that it might become a left-handed rotation 
circular polarization of light plate the sample (cross arrangement sample) stuck in parallel with the glass 
substrate of 0:3mm thickness - preparing - the spectrum of each- sample -- the spectrum was^measured 
using Shimadzu UV-3100 spectroscope. Measurement wavelength is a visible region (380- 780nm). 
Drawing 25 shows the graph of the experimental result. 

[0068] Black level is good only in a specific narrow wavelength field so that it may be expected also from 
the retardation property of drawing 24 with the circular polarization of light plate of the parallel 
arrangement plotted on tlie curve of a continuous line firom the measurement result of drawing 25 . 
Except the wavelength field, since it has shifted from quarter-wave length, optical leakage arises greatly. 
On the other hand, with the circular polarization of light plate of cross arrangement of a dotted line, it 
turns out that good black level is obtained in a wide range wavelength field. 

[0069] that to which the film combined with a linearly polarized light plate was stuck one PES with one 
PC **** and two PCs **** as a circular polarization of light plate of the above-mentioned cross 
arrangement in stiU more nearly another experiment, and the polarization shaft considered two kinds 
(quarter-wave length differs) of each type, and two linearly polarized hght plates for a comparison as 
cross arrangement - preparing - a spectrum - spectral characteristics are measured and the result is 
shown in drawing 26. And the brightness value (Y %) of the transmitted hght of these samples is shown in 
Table 1. 
10070] 
[Table 1] 
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l007l] From the experimental result of drawing 26 , it sticks in a retardation property two PCs which 
were the closest to the ideal quarter-wave length plate, and the property (white rectangular head) of the 
circular polarization of light plate of a type has permeability and the highest brightness value. By 
sticking one PC and sticking a type and one PES to it, although the thing of a type is less than the thing of 
cross arrangement of a linearly polarized light plate, fairly good black level is obtained. However, it sticks 
one PES and the thing of a type has low black level brightness a little. 

[0072] Although it stuck two PCs in retardation measurement and it was expected from the above 
measurement result that the tiling of a type was effective, in the synthetic evaluation result, a result from 
which one sheet is stuck and black level sulficient also by the type is obtained was brought. It is thought 
that the lagging axis of the film of the circular polarization of light plate of left handed rotation and 
right-handed rotation is cross arrangement, and this reason is because a retardation is canceled. 
f0073] Furthermore, when the thing of cross arrangement (lagging-axis rectangular cross) of the circular 
polarization of light plate of the left handed rotation which stuck one sheet and used the quarter-wave 
length plate of a type and right-handed rotation which were considered to be effective from the 
above-mentioned experiment had been arranged to the actual liquid crystal cell, it experimented in what 
kind of effectiveness is acquired. For the comparison, LCD of arrangement of only a linearly polarized 
light plate and LCD of parallel arrangement (lagging-axis parallel) of the circular polarization of light 
plate of left-handed rotation and right-handed rotation were also prepared for the conventional liquid 
crystal cell, and the evaluation experiment was condiicted. The liquid crystal cell was made intx) the 
. quadrisection perpendicular orientation dot matrix. The microphotography of the result is shown in 
drawing 27 . 

[0074] The good multi-domain orientation which the field where (a) of drawing 27 becomes dark to 
polarizing plate transparency shaft orientations in the case of LCD of arrangement of only a linearly 
polarized light plate generates is obtained. However, between each domain is observed black and it turns 
out that an effective numerical aperture is low. Although it is LCD of parallel arrangement of tlie circular 
.polarization of light plate. of Jeft han^^ right-handed. rotation and the. melanism between , 

domains like [ in (a) ] has stopped being conspicuous, as for this drawing (b), the part between the lines 
which they are between each dot also, floats, and is in sight, and its contrast is not good, either. Moreover, 
the phenomenon in which a display colored was seen. This drawing (c) was the case of cross arrangement 
of the circular polarization of light plate of left-handed rotation and right-handed rotation, the dark field 
seen by (a) was removed nearly completely, and its effectual numerical aperture improved sharply With 
the sample of this experiment, when the maximum permeability was (c), compared with (a), it improved 
about 40%. In addition, both of contrast were 500 or more. 

[0075] In the normally black transparency mold which right-handed rotation and left handed rotation 
stuck one sheet, and has arranged the circular polarization of light plate using type lambda / 4 plate on 
both sides of a eel from the above result, it turned out that arrangement of the lagging axis of the 
quarter-wave length plate, of a circular polarization of light plate is excellent in the case of a rectangular 
cross, i.e., cross arrangement. 

[0076] In addition, in an experiment, although the eel of the simple matrix structure in ECB mode was 
used, if it is in ECB mode, this invention can be applied not only to a simple matrix but to the liquid 
crystal cell of an active-matrix mold, and the same effectiveness will be acquired, of course, the modes 
other than ECB ■■ also obtaining ■ it is applicable. Moreover, it turned out that a quarter-wave length 
film is stuck two sheets, and is stuck one sheet rather than a type, and the direction of a type is excellent 
also in the case of cross arrangement. 

[0077] Next, the example of this invention which has improved the viewing-angle property which are 
requirements important as a display is explained. Generally viewing angle compensation in a 
perpendicular orientation eel was performed by inserting the NOC film which is a negative optically 
uniaxial phase contrast plate between a liquid crystal phase and a polarizing plate. However, since the 
quarter-wave length film of a circular polarization of light plate is a forward 1 shaft film as it is the case 
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where a circular poJarization oflighi plate is used like iJiis invennion,, when it is used combining an NOC 
film, both property is offset and there is a problem, for example, the problem that the ijeld which does not 
carry out display reversal with a viewing angle compared with the combination of a linearly polarized 
light plate and an NOC film becomes narrow, that a viewing angle property is not improvable. 
[0078J The mimetic diagram of tJie liquid crystal display of the transparency mold which combined the 
NOC film wirJi the perpendicular orientation eel and the circular polarization of light plate is shown in 
drawing 28 . 110 is a liquid crystal layer and the liquid crystal layer 110 which contains liquid crystal 111 
with the transparence substrate of the pair which is not illustrated is pinched. Another I which consists of 
a circular polarization of light plate 120 which consists of a linearly polarized light plate 121 and a 
quarter-wave length plate 122, and the linearly polarized light plate 131 and the quarter-wave length 
plat>e 132 ] circular polarization of hght plate 130 is arranged on both the outsides of the liquid crystal 
layer 110. Tt is arranged so that the transparency shaft orientation (arrow head) of the linearly polarized 
light plate 121 and the direction of the lagging axis of the quarter-wave length plat^ 122 (arrow head) 
may become 45 degrees. Furthermore, the NOC fihn 123 is arranged between the linearly polarized Ught 
plate 121 and the quarter-wave length plate 122, and the NOC film 133 is arranged, respectively between 
the linearly polarized light plate 131 and the quarter-wave length plate 132. 

[0079] In the case where an NOC film is combined with the linearly polarized light plate and 
perpendicular orientation eel which do not use the conventional circular polarization of light plate, it 
becomes the configuration which removed the quarter-wave length plate 122, the quarter-wave length 
plate 132, and the NOC film 133 from the configuration of drawing 28 . 

[0080] LCD of the combination of the circular polarization of light plate of drawing -28 and an NOC film 
and LCD of the combination of the conventional linearly polarized light plate and an NOC film are 
created, and the result of having performed the duty drive and the static drive by each, and having 
measured the vie wing- angle property is shown in drawing 29 and drawing 30 . Drawing 29 is 1 / 240 duty 
drive conditions in 16.49bias, (a) is LCD of the conventional linearly polarized hght plate. +NOC film, and 
(b) is the viewing-angle property of LCD of a circular polarization of light plate +NOC film. It is the static 
drive which drawing 30 made Tmax ON electrical potential difference, and made OV the OFF electrical 
potential difference, and (a) is LCD of the conventional linearly polarized light plate. +NOC film, and (b) is 
the viewing angle property of LCD of a circular polarization of light plate +NOC film, the linearly 
polarized light plate (what is used as a circular polarization of light plate should be included) used in this 
measurement experiment -- the NITTO DENKO make - it is G1220DUN and the quarter-wave length 
plate which what it is Sumitomo Chemical VAC-C430 which combines the conventional linearly polarized 
light plate, and is combined with a circular polarization of light plate is the same, and an NOC fihn is 
VAC-C160, and is used for a circular polarization of light plate used Sekisui Chemical CX-137.6nm.. 
[0081] In the duty drive of drawing 29 , the viewing angle compensation by the NOC film takes effect, and 
the thing of the linearly polarized light plate of (a) has an isotropic arid uniform viewing angle property. 
However, the display'reversal field which showed the thing of the circular. polarization of light plate of (b) 
iii 45 degreeis which is the transparency shaft orientations of a lirieairly' polarized light plate, and the 
direction of 135 degree by hatehing has appeared. 

[0082] Moreover, in the static drive of drawing 30 , the reversal field as a duty drive where the thing of the 
circular polarization of light plate of (b) is the same appeared to the things of the linearly polarized light 
plate of (a) being a direction - the transparency shaft orientations of a linearly polarized light plate show 
a good viewing-angle property especially and a uniform property. 

[0083] It is LCD in order to obtain LCD without the above problems in the combination of this circular 
polarization of light plate and the NOC film for viewing angle compensation. The optimization conditions 
of the film which performs simulation by the MASTER simulatx)r and is stuck on a liquid crystal cell were 
examined. The configuration of LCD of simulation is what was shown by drawing 28 , the liquid crystal 
cell was quadrisection orientation, a quarter-wave length plate shall have an ideal wavelength dispersion 
property, and the NOC film assumed the ideal case where there was no lagging axis like a VAC film. For 
the comparison, simulation was performed also about the case of the combination of a LCD and an NOC 
film with the conventional linearly polarized light plate. 

[0084] In the case of the linearly polarized light plate of tJie former [ drawing 31 ], (a) is contrast 
properties, such as the simulation, and these drawings (b) are luminance (brightness) properties, such as 
black level. Drawing 32 is the combination of a circular polarization of light plate and an NOC film, (a) is 
contrast properties, such as the simulation, and these drawings (b) are luminance properties, such as 
black level. , 

[0085] In the graph of a contrast [ drawing 32 / drawing 31 , 1 property, the place where the field drawn 
darkly is low and its contrast is bright indicates that contrast is a high field. Moreover, the graph of 
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luminance properties, such as l)lack level, indicanes ihat the place where nhe field drawn darkly is low 
and its brightness is brighter is I brightness] a high field. 

1.0086] Both the properties of contrast and brightness optimized the NOC film retardation, and LCD of a 
linearly polarized light plate had the optiinal case of a film equivalent to VAC-C430. On the other hand, in 
the circular polarization of light plate LCD, it is sticking VAC-C430 on both sides of a eel, and the reversal 
field (black field) shii'ted outside most. This cause can consider mostly that an optical omission is intense 
in an omnidirection, when a viewing angle is shaken so that it may understand, if a ** luminance 
property is seen. This will be considered because there is effectiveness which cancels a mutual property if 
the NOC film which are the quarter-wave length plarx3 which is a forward 1 shaft film, and a negatjve 1 
shaft film combines. That is, the retardation of the thickness direction of a quarter wave length platx? is 
considered to serve to degrade the viewing angle compensation capacity of an NOC film. 
10087] Then, when it seemed that the size relation to Nx>Ny>Nz Qiowever, Nx shows the refractive index 
of the direction of 90 degree 270" of drawing 31 and the direction where direction of 180 degree O" of these 
drawings and Nz of Ny are perpendicular to space.) of the refractive index in "the biaxial film which adds 
an operation of an NOC film to the quarter-wave length plate itself, i.e.; a film, becomes, it was 
considered whether an improvement would be possible. 

[0088] The viewing angle property at the time of using for drawing 33 the biaxial film optimized by 
simulation as a quarter-wave length plate is shown. In this drawing, (a) is contrast properties, such as 
the simulation, and these drawings (b) are luminance properties, such as black level. The quarter-wave 
length plate 122 of drawing 28 is extended in the x directions (the direction of a lagging axis), and the 
quarter-wave length plate 132 is extended in the direction (the direction of a lagging axis) of y. As an 
example of Nx>Ny>Nz, they are Nx=1.50l7, Ny=l. 50105, and the biaxial film of Nz=L49782 (film 
thickness = 211.6 micrometers). 

10089] In view of contrast properties, such as (a) etc. of drawing 33 ,. the display reversal field was 
completely removable. Especially, a viewing angle is large to the direction of a lagging axis of a 
quarter-wave length plat^. This is equivalent to the condition of having lost drawing 29 and the display 
reversal field of 30 exactly. Since the optical omission of the direction of a lagging axis of a quarter wave 
length plate was especially controlled so that it might understand, if luminance properties, such as black 
level of this drawing (b), were seen, this reason for an improvement is considered. However, since the 
improvement of a viewing angle to a polarizing plate transparency shaft like [ in the case of LCD of a 
linearly polarized light plate. ] is not found, when cell size is to some extent large, it may be sensed that a 
viewing angle is sensuously narrow. 

[0090] Then, simulation examined conditions which a viewing angle twists widely also to the 
transparency shaft orientations of a linearly polarized light plate. Consequently, the property as stuck 
two VAC films and shown in drawing 3434 on conditions was acquired. In this drawing, (a) is contrast 
properties, such as the sirriulation, and these drawings (b) are luminance properties, such a« blaek^ level. 
Although display reversal appears in the direction of a lagging axis of a quarter wave length plate in this 
property, the optical omission condition of black level is better than the case of the mere 1 shaft film of 
drawing 32 rather. 

[0091] Furthermore, although the conditions which search the conditions from which a viewing angle 
good to linearly polarized light plate transparency shaft orientations is acquired by simulation, and do 
not have display reversal were looked for, when optical omission control of black level was thought as 
important, the conditions in the simulation of drawing 34 were the optimal. 

[0092] As mentioned above, although this invention was explained in accordance with the example, this 
invention is not restricted to these. For example, probably, it will be obvious to this contractor for various 
modification, amelioration, and combination to be possible. 
[0093] 

[Effect of the Invention] In a liquid crystal display with the liquid crystal array condition that a liquid 
crystal molecule arranges in the random direction in the direction of an azimuth parallel to a substrate, 
or is changing continuously in a field parallel to a substrate as explained above By using a circular 
polarization of light plate as a polarizer and an analyzer, a liquid crystal molecule has the same effective 
numerical aperture as the liquid crystal display of the single crystal-array of the imiform direction 
orientation, can fall a viewing angle dependency, and, moreover, can raise display quality. 
[0094] If electric field apply to an uneven liquid crystal cell within a pixel, the abnormality orientation 
condition in the direction of an azimuth of a liquid crystal molecule can be invisibility ized even in such a 
case, and the field can be formed into an effective pixel, and an effectual numerical aperture can be 
improved. 
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[Brief Description of the Drawings] 

[Drawing 1.1 In is the ininietic diagram having shown the arrangement relation between the liquid crystal 
layer of a transparency mold liquid crystal display, and a circular polarization of light plate by the 
example of this invention. 

iDrawinir 2\ It is the mimetic diagram having shown the arrangement relation between the liquid crystal 
layer of a retlecUve mold liquid crystal display, and a circular polarization of light pi a tx?. by other examples 
of this invention. 

[Drawing 3 1 It is the mimetic diagram having shown the arrangement relation between the liquid crystal 
layer of a reflective mold liquid crystal display and a circular polarization of light plate by anotlier 
example of this invention. 

[Drawing 41 It is the mimetic diagram having shown another arrangement relation between the liquid 
crystal layer of a transparency mold liquid crystal display, and a circular polarization of light plate by still 
more nearly another example of this invention. 

[Drawing 5) It is the microphotography of the liquid crystal cell which has the slit electrode which used 
the conventional linearly polarized light plate. 

[Drawing 6 1 It is the microphotography of the liquid crystal cell which has the slit electrode which used 
the circular polarization of light plate of this invention. 

[Drawing 7l It is the graph which shows the result of having carried out simulation examination of the 
change of the light transmittance property by the difference in the twist angle of the liquid crystal cell by 
the example of this invention. 

[Drawing 8l It is the graph which shows the result of having carried out simulation examination of the 
change of the light transmittance property of the liquid crystal cell by the example of this invention. 
[Drawing 9l It is the microphotography of an a ECB mode liquid crystal cell. 
[Drawing ] 0 l It is the microphotx)graphy of an a HAN mode liquid crystal cell. 
iDrawing III It is the microphotography of an a TN mode liquid crystal cell. 

iDrawing I2l It is the microphotography of a slit orientation SH mode liquid crystal cell and a random 

orientation SH mode liquid crystal cell. 

[Drawing l3l It is the microphotography of SH mode liquid crystal cell. 

[Drawing I4l It is the microphotography of a slit orientation SH mode liquid crystal cell and a random 

orientation SH mode liquid crystal cell. 

[Dra wing 15) It is the microphotography of SH mode liquid crystal cell. 

IDrawing I6l It is the microphotograj)hy of a slit orientation SH mode liquid crystal cell, a random 
orientation SH mode liquid crystal cell, and SH rnode liquid crystal cell. 

[Drawing 17l It is the graph which shows the electrical potential difference pair light transmittance 
property of a 1 shaft ECB mode liquid crystal cell. 

' [Drawing •I8[ lt-is-the graph which shows tthe electrical^pot^ntial-difference pair -light-' transmittance- 
property of a 1 shaft HAN mode liquid crystal cell. 

[Drawing 19l It is the graph which shows the electrical-potential differehce pair light transmittance 
property of an a TN mode liquid crystal cell. 

iDrciwing 20l It is the graph which shows the electrical potential difference pair light transmittance 
property of a slit orientation SH mode liquid crystal cell. 

[Drawing 21 1 It is the graph which shows the electrical potential-difference pair light transmittance 
property of a random orientation SH mode liquid crystal ceU. 

[Drawing 22l It is the graph which shows the electrical potential difference pair light transmittance 
property of a perpendicular orientation SH mode liquid crystal cell. 

IDrawing 231 It is the mimetic diagram having shown the configuration of still more nearly another 
example of the transparency mold liquid crystal display by this invention. 

[Drawing 24l as the quarter-wave length film for circular polarization of light plates ■ "2 sheet - sticking 
- a" type thing - " - one sheet is stuck and it is the graph of the peribrmance evaluation experimental 
resultof a" type thing. 

[Drawing 25l It is the property comparison graph of the thing of parallel arrangement of the 
quarter-wave length plat^ of a circular polarization of light plate, and the thing of cross arrangement. 
IDrawing 26l l\vo sheets are stuck with the thing of cross arrangement of the quarter-wave length plate 
of a circular polarization of light plate, and one-sheet ****, and it is the property comparison graph of a 
type. 

(Drawing 27 1 It is the evaluation experimental result of LCD of each arrangement of the circular 
polarization of hght plate of the arrangement of only a linearly polarized light plate and parallel 
arrangement to the conventional hquid crystal cell, and a cross arrangement circular polarization of hght 



- 16- 



JP2002-010428A 



I Drawing 28l I t is the mimeuic diagram of an example of the liquid crystal display of the trans]>arency 
moid which combined the NOG film with the perpendicular orientation eel and the circular polarization of 
light plate. 

I Drawing 29 1 It is the result of performing a duty drive by LCD of the combination of the conventional 
linearly polarized light plate and an NOC film, and LCD of the combination of a circular polarization of 
light plate and an NOC film, and a viewing angle property measuring, 

[Drawing 30l It is the result of performing a static drive by LCD of the combination of the conventional 
linearly polarized light plate and an NOC film, and LCD of the combination of a circular polarization of 
light plate and an NOC film, and measuring a viewing angle property. 

1 Drawin g 3l1 It is a simulation graph in the case of the combination of a LCD and an NOC film witJi the 
conventional linearly polarized light plate. 

iDrawing 32l It is a simulation graph in the case of the combination of a LCD and an NOC film with a 
circular polarization of light plate. 

IDrawing 33l It is a viewing angle property at the time of using the biaxial film optimized by simulation 
as a quarter- wave length plate. 

I Drawing 34l It is the viewing angle property which stuck two biaxial films and carried out simulation on 

conditions. 

IDrawing 35l It is the mimetic diagram having shown the arrangement relation of the liquid crystal layer 
of penetrated type ************** and polarizing plate using the conventional linearly polarized light 

plate. 

iDescription of Notations] 
10,110 Liquid crystal layer 
1 L 11] Liquid crystal molecule 

20, 30, 50, 60, 70, 80,120,130 Circular polarizatjon of light plate 

21, 31, 51, 61, 71, 81,121, 131 Linearly polarized light plate 
22 32, 52, 62, 72, 82J.22, 132 Quarter- wave length plate 
40 Reflecting Plate 

60 Electrode 

61 Slit • 
90 Cholesteric Film 

100 Common Electrode 

101 Slit Opening 
123,133 NOC film 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the apphcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

Z WED/SLANTED IMAGES 
.OR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTEI) ARE POOR QUALITY 

□ OTHER: ' ' 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



